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It had been hypothesized that the Cabin Creek pumped-storage 
hydroelectric project near Georgetown, Colorado had increased the 
seismic activity in the area. The pattern of activity near Cabin Creek 
as reported by Simon was similar to that observed for seismic reservoirs 
throughout the world. Two moderate sized earthquakes (intensity IV and 
V) were reported in the late 1800's.
Records from the GOL World-Wide Standard Station were re­
examined using a 10X microscope with an internal scale. This allowed 
resolution of the S-P times to -0.02. seconds. Azimuthal determinations 
were made by first-motion ratios and could not be significantly 
improved. The increased radial precision (about 100%) required travel­
time curves more accurate than the Jeffreys-Bullen curves normally 
used. New travel-time curves were calculated using known explosions 
from the Urad Mine near Cabin Creek.
By using both the microscope and the revised travel-time 
curves, radial distances to epicenters could be determined to within 
-3 km, but with poor azimuth control. By selecting a narrow distance 
interval (26 to 33 km from GOL) and limiting azimuths (NW to WSW), a 
new list of events was compiled.
The new list indicated that approximately 98% of the events 
occurred during daylight hours. The periods of activity throughout the 
years coincided with either periods of highway construction or construc­
tion at the Cabin Creek project. High b values (1.8<b<4.0), which 
suggest blasting, substantiate the conclusion that the "Cabin Creek" 
events were all due to construction activities. There appears to be 
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Cabin Creek is a pumped-storage hydroelectric plant located 
approximately 35 miles west of Denver in the Front Range of Colorado.
This type of facility employs two reservoirs, one located above the 
other. Power is generated at peak load hours by running the water 
from the upper reservoir, through the power tunnel and turbines to the 
lower reservoir. During off-hours, excess electricity from steam 
generating plants in Denver is used to pump the water back to the upper 
reservoir by reversing the turbines. Cabin Creek transfers nearly 2 
million tons of water daily at an average gross head of 1,190 feet.
Maximum generating capacity is 325 Mw and approximately 1,340 Mwhrs are 
available with a full reservoir (Robertson, et al., 1965).
Beginning in 1966, about the time the lower reservoir was 
filled, the number of seismic events detected from that area increased 
by a factor of four (1965 - 19 events, 1966 - 73 events). In 1968, just 
after sustained pumping began, the number of events dropped back to 
near its 1966 level (17 events). However, in 1969 and 1970, the 
number of events doubled and then tapered off during 1971 and 1972 
(Simon, 1969, 1972). This led to speculation that perhaps the events 
might be related to the Cabin Creek facility, because some reservoirs have 
been known to alter the seismicity of an area and the Rocky Mountain 
Arsenal well had shown that this area was susceptible to such a change.
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, Although Cabin Creek is extremely small in relationship to 
most known seismic reservoirs, it was thought by Simon and others that 
the rapid cyclic loading at the project could possibly be a trigger 
mechanism. This thought was strengthened when Robert Crewdson (1971) 
found a diurnal periodicity in the time of occurrence of the events 
which coincided with the loading cycle at the Cabin Creek project, 
which is also diurnal.
The objective of this paper is to establish whether the Cabin 
Creek project has affected the local seismicity. A secondary objective 
is to determine the accuracy to which local earthquakes can be located 
using only the Bergen Park World-Wide Standard Seismograph Network 
(WWSSN) Observatory.
A brief history of seismic reservoirs and a review of 
Colorado seismicity is followed by a description of the Cabin Creek 
project. These introductory sections precede the body of the paper 
which describes the methods used in determining epicenter locations and 
their accuracy. The last section presents the results and conclusions.
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A HISTORY OF SEISMIC RESERVOIRS
The first published instance of a reservoir initiating 
seismic activity was in the early 1930’s. Previously, it is assumed, 
reservoirs were not large enough to trigger earthquakes and/or be a 
safety hazard. The most notable of the early seismic reservoirs is 
Boulder Dam, located on the Arizona-Nevada border. Earthquakes were 
not reported by inhabitants of the area prior to its construction, but 
were frequently felt after its initial filling. Carder (1945) 
hypothesized that the load of some 40 billion tons of water was enough 
to depress the basin floor from 4 to 12 inches and-trigger these small 
earthquakes. Fortunately no damage has occurred in this area.
Other areas have not fared as well. The Koyna Reservoir in 
India initiated earthquakes up to M = 6.0+, one of which destroyed the 
town of Koyna-Nagar, killed 177 people and injured 2,300 (Anonymous, 
1972). Vajont, Italy suffered a similar disaster when a large landslide 
(thought by Rothe (1970) and others to be due to repeated shaking by 
reservoir induced earthquakes) caused the impounded water to overrun 
the dam, destroying the town. It is also possible that the earthquakes 
were actually groundmotion from landslides triggered by the rising lake 
level.
Guha, et al. (1971) studied the Koyna (India) sequence and 
noted some interesting features. The most intriguing observation was 
that almost all the foreshocks had focal depths of 3 km or less while 
the aftershocks (of the December 10, 1967, M = 6.0 shock) had focal
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depths from 0 to 40 km. Gupta, et al. (1972) studying similarities 
between three seismic reservoirs: Koyna (India), Kremasta (Greece) and
Kariba (Africa), noted that the foreshock-aftershock pattern was the 
same in all three cases and that none of the foreshock-aftershock 
patterns matched their respective regional sequences.
Studies at Koyna by Balakrishna and Gowd (1970) have led them
to believe that an increase in interstitial fluid pressure is the main
cause of seismicity in such cases. They state (p. 319):
It has been observed in the case of Lake Mead, Kremasta Lake 
and Kariba Lake that the artificial lake-induced seismicity 
which starts with the impounding of a reservoir attains its 
maximum activity in a period of about 1.5 to 2 years when a 
major earthquake of moderate magnitude of the order 6 . 0  
occurs. It has also been noticed that once; a major earth­
quake occurs, the seismicity soon dies out in a period of 
about 5 years indicating that the (sic) most of the accumu­
lated strain energy is released with the occurrence of one 
or two major shocks.
An alternative to the fluid pressure trigger is crustal 
loading by the reservoir. Rafael (1954) reported 7 inches of subsidence 
in 15 years at Hoover (Boulder) Dam and thought that it might reach 10 
inches eventually. Because the earthquake epicenters did not coincide 
with the areas of greatest subsidence and the much greater regional 
tilting indicated by geodetic surveys, Rafael concluded that the weight 
of Lake Mead was minor compared to the regional warping in the area.
Most authors (Guha, 1971, Balakrishna and Gowd, 1970, Snow, 1972) agree 
that weight alone is not sufficient to initiate earthquakes.
Although the mechanism is not known, there does seem to be a 





















fluid pressure changes) in susceptible regions. Rothe (1970), Carder 
(1945) and others believe the initiation of activity depends on the 
depth of water impounded and the maximum rate of loading. Rothe (1968, 
p. 78) specifically states that "the activity of these artificial earth­
quakes becomes particularly clear once the depth in the dam exceeds 
1 0 0 meters: it starts once the dam is partially full, reaches a maxi­
mum, and then appears to die out after a few years." The loading rate 
in the cases of the large reservoirs is seasonal and depends on the 
runoff in.the respective regions.
Comparison of the local seismicity with the construction 
activity at Cabin Creek (Table 1) shows a sequence very similar to that 
noted by Balakrishna and Rothe, i.e. maximum activity 1.5 to 2 years 
after the reservoir was filled, with the activity gradually dying out in 
3 to 5 years. Although neither reservoir is 100 meters in depth when 
full, the power tunnel carries 1,196 feet or 368 meters of head during 
operation. In addition, the loading rate is diurnal rather than annual, 
which could increase the sensitivity of the area and make up for the 
small size of the facility.
The author believed that the above conditions were sufficient 
to warrant further study. It was possible that Cabin Creek had affected 
the seismicity of the area and if so would be an ideal study area for 
further investigations into the mechanisms of seismic reservoirs. The
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first step was an investigation of the seismicity in the vicinity of 





HISTORICAL AND INSTRUMENTAL 
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Prior to the activity associated with the Rocky Mountain 
Arsenal disposal well (Hollister & Weimer, 1968), Colorado had been 
considered to be aseismic. Included in the reports published by the 
Colorado School of Mines was a "List of Colorado Earthquakes" compiled 
by Dr. Frank Hadsell primarily from newspaper accounts and NOAA lists 
(Hadsell, 1968). A portion of this list is shown in Table 2. The 
approximate relationship between intensity and Richter magnitude is 
shown in Table 3 to clarify references made to both quantities in 
Table 2 and throughout the text.
Table 2 illustrates that although there have not been any 
well-documented large earthquakes, Colorado has had a number of inter­
mediate size events throughout its populated history. Hadsell lists 
two earthquakes as being located near Georgetown, which is approximately 
3 miles north of the Cabin Creek facility. Neither of these events, 
one in 1871 and one in 1894, is well-documented. It is uncertain 
whether they are local events or due to a large earthquake quite far 
away. However, the fact that shaking was reported at Georgetown twice 
in the past cdded to the possibility that Cabin Creek might be influen­
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APPROXIMATE RELATIONSHIP BETWEEN EARTHQUAKE MAGNITUDE, 
INTENSITY, ACCELERATION AND ENERGY RELEASE
ROSSbFOREl INTENSITY SCALE 
(1803)
MODtFIED-MERCALLI INTENSITY 
SCALE (331), WOOO AND NEUMANN 
I
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I  The shock fell only by ex­
perienced observer under very 
favorable conditions.
E  Felt by a few persons at 
rest, especially on upper 
floors; delicate suspended 
objects may swing.
-2
E  Felt by a few people at rest; 
recorded by several seis­
mographs.
-3
IE Felt noticeably indoors, but 
not always recognized as a quake 
standing autos rock slightly, 
vibration like passing truck.
-4
. s .005g-
IH Felt by several people at 
rest; strong enough for the 
duration or direction to be 
appreciable.
-G
ST Felt Indoors by many, outdoors 
by a few; at night some awoken;
-8  : 
-fo -a9-17 Felt by several people in 
motion; disturbance of 
movable objects, cracking of 
floors.
dishes, windows, doors disturbed; 
mclor cars rock noticeably.
7  Felt by most people; some
7  Felt generally by everycno; 
disturbances of furniture, 
ringing of some bells.
breakage of dishes, windows^and 




TLFelt by all; many frightened 
and run outdoors; falling 
plaster and chimneys; damage 
Smoll.
El General awakening of those 
asleep, ringing of b&lls, swinging 





01 Overthrow of movable objects, 
fall of plaster, ringing of bells, 
panic with great damage to 
buildings.
HI Everybody runs outdoors; 
damage to buildings vcrles, de­
pending on quality of construc­
tion; noticed by drivers of autos.
-70
Vso
SET Foil of chimneys; cracks in walls
of buildings. TE&Panel walls thrown out of 
frames; fall of walls, monuments, 
chimneys; sand and mud ejected; 
drivers of autos disturbed.
-200 -
1ST Portia! or total destruction of 
some buildings. -3 0 0
IX  Buildings shifted off founda­
tions, cracked, thrown out of 
plumb,- ground cracked; under­
ground pipes broken.
-4 0 0 * 
- 5 0 0 ° ^
X  Great disasters, ruins/
disturbance of strata, fissures, 







X  Most masonry and frame 
structures destroyed; ground 
cracked; mils bent; tan&lides.
XT New structures remoin standing; 
bridges destroyed; fissures in 







-6 0 0 0 ‘
ST Damage total) waves seen on 
ground surface; linos of sight 
and level distorted; objects 
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Prior to 1962, there were no seismographic stations with 
sufficient magnification (gain) to do a detailed study of small, local 
events located in the Front Range west of Denver. During 1961, the 
Bergen Park Observatory was established one mile west of Bergen Park, 
Colorado (approximately 20 miles west of Denver). The observatory is a 
World-Wide Standard Seismograph Station and is designated as GOL in the 
World-Wide Network (see Figure.1).
A World-Wide Standard Station is equipped with three long- 
period seismometers, three short-period seismometers, a Wood-Anderson 
Torsion seismometer, and a radio link with the universal coordinated 
time (UTC) network. Local events (within ^100 km) are located using 
only the short-period instruments since the frequencies are generally 
too high for the long-period instruments to respond. The short-period 
instruments are a Benioff system using 1.0 second seismometers and 0.75 
second galvanometers which record on photographic paper on a rotating 
drum. The drum rotates at a speed of 1 revolution every 15 minutes 
which gives 60 mm per minute on the record. The result is a system 
which has a peak response at 0.5 second or 2 Hertz. The displacement 
gain at 2 Hertz“is 400,000 in the summer time and is reduced to 
2 0 0 , 0 0 0  in the winter due to storms and greater background noise in 
general.
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In 1966, Mrs. Ruth Simon joined the staff at the Colorado 
School of Mines and initiated the practice of compiling and publishing 
the map of seismic activity within the state for each year. Almost all 
of the events are of Richter magnitude 4.0 or less and are located using 
data from GOL and UBO (Uinta Basin Observatory) when that additional 
data is available. UBO is located in northwest Utah approximately 350 
km to the WNW of Cabin Creek. Due to the distance, the locations 
reported by UBO are not precise enough to be of any assistance in loca­
ting Cabin Creek events. In addition, UBO only records the larger 
events (M -2.0) so a large number of the Cabin Creek events were 
recorded only at GOL.
Pertinent sections of the Seismicity Maps of Colorado (Simon, 
1969 and 1972) are shown on the following pages as-Figures 2 through 5. 
These figures show numerous events located near Georgetown and labeled 
"Cabin Creek". There is another large grouping of events approximately 
10 kilometers northwest of Georgetown labeled "Urad" and known to be 
mining operations at the Urad mine. The letter "e" denotes explosion 
and the letter "n" denotes a natural event where known.
T-1713 14
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COLORADO SEISMICITY MAP (Simon, 1972)






The Cabin Creek pumped-storage hydroelectric plant is located 
approximately 3 miles south of Georgetown, Colorado (see Figures 1 and 
6 ) on South Clear Creek. The powerhouse and lower reservoir are at an 
elevation of approximately 1 0 , 0 0 0  feet and the upper reservoir is at an 
elevation of approximately 11,200 feet on Cabin Creek proper.
Facility Description
Cabin Creek is owned and operated by the Public Service Company 
of Colorado. The facility consists of two reservoirs at different ele­
vations connected by a power tunnel (penstock) (see Figure 7). Both 
reservoirs are impounded by earth-fill dams. The upper reservoir is 
152 feet deep at maximum level and the lower reservoir has a maximum 
depth of 52 feet. Both reservoirs are able to store 1,600 acre-feet of 
water with about 1,400 acre-feet being active (1.9 million tons).
The powerhouse is located just above the lower reservoir and 
is equipped with two reversible turbines which are used for both pumping 
and generating. The system is capable of producing 324 Mw and is 70% 
efficient. Each complete pumping and generating cycle lasts about 24 
hours (see Figure 8 ).
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Geological Setting
Because small earthquakes may be due to landsliding, the area 
near Cabin Creek was examined for active landslides. An examination of 
aerial photographs indicated a number of large landslides, rockslides 
and talus cones. Most of these features appear to be Pleistocene in age 
and are confirmed by the deposits at the lower reservoir site. The 
lower reservoir was constructed over a peat deposit formed when a rock- 
slide dammed the valley. A portion of the rockslide dam is still visible 
below the lower reservoir dam. Two more sharply delineated scarps were 
investigated by the author and Dr. D. T. Snow and were determined to be 
inactive.
The potential instability of the area was confirmed by a land­
slide at the Cabin Creek site during construction. Excavation of the 
west valley wall to accommodate the county road triggered a slide which 
claimed two lives. The slide moved down-dip (^40° SE) and along the 
local foliation which strikes N50E. The slide was approximately 300 feet 
wide and 150 feet high. This event was not recorded at GOL.
T-1713 21
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ENLARGED SECTION FROM FIGURE 1 ARTHUR LAKES LIBRARY



























00 0600 1200 1800 2400
MST
6pm 12m 6 am 1 2n 6pm
TIME (HOURS)
—  April 3, 1968 —
-May 21, 1968-----
January 30, 1968****
The pumping cycle represented by the water level 




Simon (1971) originally compiled a list, of Cabin Creek events 
(Appendix 1 and Figures 2 through 5) to see if they could be correlated 
with pumping cycles or the initial filling of the reservoir. The original 
search for such correlations (Crewdson, 1971) was not conclusive and the 
idea was dropped. The author’s interest in the engineering geologic 
aspects of the Cabin Creek project provoked new interest in the seismic 
data. Following initial inquiries by the author, Mays (1973) of Public 
Service Company tried correlations of event times from Simon’s list with 
such things as time of day, pumping cycles and machine operations at the 
facility. He pointed out that events occurred during construction and 
before the plant became operational. This fact led him to believe the 
events were not related to Cabin Creek since he believed the correlation 
of event times with loading cycles was poor.
Both May’s conclusions and all the introductory statements in 
this paper were based on Simon's list. It was thought by the author that 
a much closer examination of the events in question for location and 
character could possibly reveal a clearer correlation. A more precise 
location of events was attempted by examining all' recorded events through 
a microscope with an internal scale. All events in the station logbook 
which had been placed in the area (Mt. Evans, Urad, etc.) were re­
examined in detail. Map distances were then measured as accurately as 
possible. The next step was to construct more accurate travel-time
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curves using known blasts in the area. A new list was then compiled con­
taining only those events whose epicenters fell within a specified 
distance and azimuth interval. This list is presented as Appendix 2.
Reading of Events
Timing Resolution
To increase precision in reading arrival times, recognizing 
and reading phases, identifying first motion and measuring periods and 
amplitudes, a microscope was used. It was found that a 10X enlargement 
was the best magnification for the "Cabin Creek" events partly because 
the S-P times filled about 1/3 to 1/2- the field of view. The microscope 
was equipped with an internal scale. One hundred divisions on this scale 
subtend 8.25 mm on the record. This gives a least count of .0825 mm/ 
scale division. Normally WWSSN records are read to -0.1 mm (or -0.1 
second) by interpolation from a scale marked in 1.0 mm intervals. The 
microscope with an internal scale allowed a precision of -0 . 0 2  mm or 
-0.02 seconds on the time scale. The two scales and the field of view 
of the microscope are shown in Figure 9.
The greatest advantage in using the microscope is the increased 
confidence in the readings. The first motion of P is much clearer under 
magnification, as is the onset of S and other phases. With good quality 
records and high frequency, low amplitude events, times can be read to 
-0.02 seconds and first motions are distinct. Normal reading methods 
would only give a precision of -0 . 1 0  seconds and the first motion can be 








With poorer quality records, and lower frequencies, the pre­
cision with the microscope drops to about the same level as without, about 
2 scale divisions or -0.15 seconds. However, repeatability of readings 
and confidence in them remains higher when the microscope is used. A 
good binocular microscope with a wider field (the single-eyepiece micro­
scope had too narrow a field to view 60 mm across) and an adjustable 
boom mounting can make reading of local events much faster and more 
reliable. The binocular microscope eliminates parallax (a minor problem 
with the single-eyepiece microscope), has a wider field of view and is 
much easier on the eyes.
Travel-Time Curves
The Jeffreys-Bullen (1958) tables are normally used by WWSSN 
stations to determine the radial distance of an event from the stations. 
The radial distance to the epicenter is given as a function of S-P arrival 
times. The tables are given in increments of 0.1° or about 11 km.
Even when plotted and interpolated, the Jeffreys-Bullen curves gave 
erroneous distances for known events. In order to utilize the increased 
precision from using the microscope, more accurate travel-time curves 
were required.
A known source was available in the vicinity of Cabin Creek.
The source is the Urad Mine, owned and operated by AMAX (Climax Molyb­
denum, Inc.). The mine is located about 8 miles west of Empire, Colorado 
(see Figure 1). The mine went into full operation in July, 1967 approxi­
mately the same time as Cabin Creek began operations.
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The mine occasionally used large blasts (up to 41,000 lbs. of 
explosives) in its operations. These blasts are easily recognized on 
the GOL records and have Richter magnitudes of approximately 2.5 or less. 
Mr.Jeoffrey Johnson, of Climax, supplied detailed locations for four 
large blasts shown below as Table 4.
TABLE 4
LISTING OF FOUR LARGE URAD BLASTS
March 12, 1970 16,000 lbs.
March 15, 1970 air blast from falling rock
August 20, 1970 25,000 lbs.
September 18, 1973 20,000 lbs.
All blasts within 1 square km on south side of Red
Mountain (west of Urad Mine as located on Figure 1)
Tonnages shot versus magnitudes were noted in order to estimate sizes of 
other events.
The Jeffreys-Bullen tables assume P and S to be linear functions 
at short distances (less than about 100 km). The curves are generally 
presented as time versus distance with the slope of P and S representing 
their reciprocal velocities. Since there are no origin times available 
from Urad, and there is only the one station, P and S velocities are 
unknown. Therefore, P was aligned with the horizontal axis by rotating 
the curves about zero. The S-P times for the known blasts were then 
plotted at the appropriate distances. Because the S-P time is assumed 
to be zero at zero distance from the source and the function is approxi­
mately linear over the distance involved, a straight line was drawn from
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zero through the points plotted. The Jeffreys-Bullen curves were plotted 
in the same manner for comparison. These curves are presented in 
Figure 10.
Because this plotting method skews the curves, the distance 
must be determined very accurately from available maps. The more exact 
the distance measurement, the more accurate the curves become. In this 
area, 7 1/2f USGS quadrangles are only available for part of the area 
between Urad and GOL, so a combination of 7 l/2f and 15* USGS quadrangles 
had to be used. A line was drawn between the two points on a USGS 
1:250,000 scale map and transposed to the other maps. Distances were 
measured on both the combination scale and the 1:250,000 scale and agreed 
within -1/2 km. This scatter in distance was less than the error in 
picking S on the blasts due to the high frequencies and amplitudes 
(see Figure 10).
A third phase, believed to be a surface wave, was evident on 
four of the known blasts. These points were also plotted and were found 
to be in good agreement so a line defining surface wave (Lg?) -P time 
was also plotted. A majority of the events in this area exhibit a dis­
tinct 1 second surface wave even though the Jeffreys-Bullen tables imply 
that a surface wave does not appear at distances less than 1.3° (133 km).
Origin times were not available so velocities of P and S
cannot be determined. Pakiser's (1965) refraction survey along the
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Front Range yielded velocities of ^6,1 km/sec. The Jeffreys-Bullen 
tables define a compressional velocity of 5.5 km/sec. The new travel­
time curves from Urad show S-P times greater than the Jeffreys-Bullen 
S-P- times. Therefore, the P and S velocities must be slower in the 
vicinity of Urad than those defined by the Jeffreys-Bullen tables. The 
longer S-P times on Figure 10 would indicate that the compressional-wave 
velocity near Urad is less than 5.5 km/sec. Pakiser's study was done 
using an energy source in southern Nevada. The velocity shown in his 
studies probably reflects an average velocity for the entire crust, while 
the velocity shown on the revised travel-time curves probably reflects 
the velocity in only the upper part of the crust.
After lines defining S and Lg were established using the Urad 
blasts, a large sample of events from 1967 were plotted. The S-P time 
for each event was matched to the S-P time defined by the Urad blasts. 
This located the event along the distance axis. Any additional phases, 
such as Lg? or Pq were then plotted at the given distance. The 
resulting plot is shown as Figure 11. This figure shows more activity 
in the distance ranges of 30 and 40 km than in the intervening distance. 
The figure also shows good agreement between the Lg phase picked on 
the Urad blasts and the surface waves exhibited by the entire sample 
of events.
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In reading the events, all possible phases were read. A very 
near phase appears rather consistently after P, lagging by about 1.6 
seconds. A very similar phase has been noted in the Denver earthquakes. 
Although the Denver earthquakes are located approximately 50 km from GOL 
and originate in the Denver basin, this near phase lags P by the same 
amount, 1.6 seconds. This phase, designated as P^, appears on Figure 11. 
It is identified more often at the greater distances, near 40 km. The 




























































Magnitude and Log "sM
The Richter magnitude (M) of an earthquake is defined by:
M = l°gio ^ “ l o g ( R i c h t e r ,  1958, p. 340) where A is the maximum 
trace amplitude measured on a Wood-Anderson seismogram and A q is a 
correction factor for distance tabulated by Richter (1958, p. 342).
Since the range of Richter magnitude for the Cabin Creek vicinity events 
was very small (from about 1.0 to about 2.5) a more general method of 
comparing these events was used.
The Cabin Creek vicinity events were evaluated using only the 
short-period components of the Standard Station array. The maximum 
amplitude was taken as A. Because this is a standard method usually 
presented in millimeters, the term MsM is used to denote scale divi­
sions to avoid confusion. The use of scale divisions rather than milli­
meters only adds an additional constant as will be shown in the follow­
ing discussion.
Since A and A q were defined as trace amplitudes from a Wood- 
Anderson torsion seismograph with a static magnification of 2,800, a 
scaling factor had to be developed to relate these parameters to the 
measurements taken from the short-period instruments. The short-period 
instruments have a gain of 200,000 in the winter and 400,000 in the 
summer. The summer amplitudes were halved to match the winter values.
T'!T S r U" r< a. 
c  •)! \ ''0 - 1CHOOI r< :
COLO.,
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The scaling factor for gain will be defined as K. Then M =
Alog —g  log Aq . Because s (scale division) = .082A (millimeters),
s
then M = log "”qq2k ~ Lo® A 0 ‘ L ° 8 ^“0 was ta^ulated by Richter in 5 km
increments (1958, p. 342). These values were plotted and approximated
by a smooth curve for the distance interval of interest (see Figure 12).
Because the majority of events occur near 40 km (Urad), the value of A q
A 0at that distance was selected for normalization. A 1 = — A—  = 1 at 40 kmJ. Aq
where A q = 2.4 (fixed) and Aq = Aq at distance D (Figure 11). From 20 km 
to 50 km, A q varies from about 1.7 to 2.6. Utilizing M = log s - log 
.082K - log A q and A q = A jAq , we get M = log s - log 0.082K - log A jAq .
Because the frequency content of these events does not change signifi­
cantly, we can assume log 0.082K to be a constant. Aq is also a con­
stant. Because
M  = log s - log 0.082K - log A-̂  - log Aq
s sthen M = log — —  + constants. This illustrates that log —  can be Ai Ai
converted to a Richter magnitude for comparison with other work by 
using the appropriate constants. This derivation closely follows that 
described by Brune and Allen (1967). They determined one additional 
factor, an amplitude versus distance correction, which they determined 
empirically. The author did not have enough information to calculate 
an attenuation factor for this area. A rough estimate of threshold 
values was made by comparing sizes of shots at Urad and the Straight 
Creek tunnel (located approximately 20 km WNW of Cabin Creek). Shots 
at the Urad mine of 6,000 pounds of explosive closely approximate the 

























































































30 km (the distance to Cabin Creek) would have to be about 5,000 pounds 
to give, the same results. Shots at Straight Creek (roughly 50 km from 
GOL) of 1,800 pounds (Straight Creek Const., 1968, 1969) were not seen. 
This would suggest that shots at 30 km would have to be larger than 
1,600 pounds to be recorded. It is unknown what types of explosives 
were used and how they were detonated. It is also unknown what sizes of 
charges were used in construction activities, so these estimates cannot 
even be grossly checked.
flbft Values
Gutenberg and Richter (1954, p. 16) were the first to attempt 
to quantify earthquake occurrence. In examining the seismicity of the 
earth, they needed a parameter which would be an indication of how active 
an area was. They noted that there were far more earthquakes in the 
smaller magnitude ranges and so fit a logarithmic curve to the data they 
had. The linear least square solution was of the form log N = a + b(8 -M) 
where N = annual frequency and M (magnitude) is in 0.1 M steps. The b 
values were found to range from about 0.45 to 1.5. The value of b varies 
for different areas and varies with hypocenter depth within an area. All 
of these calculations were done for earthquakes with magnitudes greater 
than 6 .
Richter (1958, p. 359) also used large earthquakes but simpli­
fied the equation to the form log N = A - bM where N - number of shocks 
of magnitude M or greater per unit time. He again found that b values 
center about 1 .0 .
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Since the introduction to the concept, b values have been 
commonly used in discussing local seismicity at very low magnitude levels. 
In the Cabin Creek analysis, s (corrected for distance) was substituted 
for M (magnitude). The resulting log N versus M (where M = log s) plots 
are shown as Figure 13.
Variations in the value of b are believed to indicate differ­
ences in stress (Scholz, 1968 and Wyss, 1972). Other conditions such as 
confining pressure and rock type are also considered to be important 
factors. However., a b value of 2,0 seems to be the upper limit of 
reported values for natural events, even in the case of seismic reservoirs. 
A compilation of b values for three seismic reservoirs (Gupta, 1972b) 
is presented in Table 5.
The values of b as shown in Figure 13 are abnormally high 
(4.0, 2.5, 1.8). This could indicate that the events are not natural.
By themselves, the b values are inconclusive, but raise questions con­
cerning the character of the events in this study. Additional aspects
/
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INTERPRETATION - THE REVISED LIST
A revised listing of Cabin Creek events (Appendix 2) was com­
piled after rereading the data. The location of events was made pri­
marily using radial distances. The azimuths could not be determined to 
better than approximately 30° using the method of first P-motion ratios. 
Only events to the west of GOL (from WNW to WSW) were used for the 
revised list. Of the above group, only those events whose S-P times were 
between 40 and 50 scale divisions were selected as "possible Cabin Creek 
events". Using the travel-time curves, these times indicate distances 
of 26 to 33 km. This window, defined by distance and azimuth, is shown 
in Figure 14.
Even by using this very broad bracketing system, the previous 
list (Simon, 1971) was shortened considerably. Some of the events which 
were included in the original list were omitted because the azimuth was 
indeterminate due to poor or weak P arrivals. About 25% were omitted 
because they did not fall within the chosen distance ranges. The revised 
travel-times had a-minor effect on the radial distances. The original 
list had included many events which were too close or too far from GOL 
to be included in the revised list regardless of the revision. Many of 
these were Urad events.
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After compiling the new lisitng of events, the author found that 
these selected events did not correlate with the loading cycle at the 
Cabin Creek plant as well as the original list. The weak correlations 
combined with the high b values led the author to look elsewhere for the 
source of these events.
The high b values indicate that many of the events are of 
nearly the same size, which suggested that perhaps the events were due to 
blasting activities, because blasts in construction, mining and quarrying 
tend to be about the same size at a particular site.
The immediate area was checked for active mines. The Colorado 
Division of Mines’ files (personal communication; November 13, 1974) 
showed none of the mines noted on the maps of the area to be active 
during the period of interest (1965 to 1968). Their records did show a 
permit issued to the Bard Creek Mine (approximately halfway between 
Georgetown and Empire) for road building. The few events in 1969 may be 
due to activities at this mine (see Figure 16).
The highway department was consulted concerning construction 
activitis on Interstate - 70 near Georgetown. The sequence of construc­
tion activity is shown in Table 6 and Figures 15 and 16. The periods of 
activity correlate extremely well with the groupings'of events plotted 
from the revised list (Figures 15 and 16). The fact that there are no
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TABLE 6
LISTING OF 1-70 CONSTRUCTION ACTIVITIES
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events from approximately 8:30 pm MST until about 7:30 am MST also indi­
cates a connection with man's activities.
The group from mid-1966 to mid-1967 show an even narrower time 
band. According to Robert Lowdermilk (personal communication, June 1974 
and November 12, 1974) their activity near Georgetown (Table 6 , Group 2) 
was limited to a time span from about 9:00 am to early afternoon because 
of traffic problems. They did no blasting in the late afternoon because 
they could not leave any loose material on the slopes through the night. 
These were the events.from Simon's list which formed the basis of the 
correlation with the loading cycle at Cabin Creek. This now appears to 
have been an unfortunate coincidence.
The three groups of construction activity were the groups used 
in the b value plots. In the presence of such good correlations with 
construction activity and the time of occurrence, the high b values have 
added to the hypothesis that the events are man-made.
Figure 16 shows the events in each of these groups as histo­
grams. The histograms show number of events plotted against distance. 
The first two groups cover about two and three km as calculated by the 
travel-time curves. The highway department lists the sections of road 
as being 2.6 miles and 1.44 miles respectively. The first group covers 
about 4 km and the highway department contracted out’ 2.8 miles of road. 
The distances as calculated from the travel-time curves correlate very
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well with the map distances for Groups II and III, The locations of 
events in Group I place them farther than the actual construction activity. 
Mr. Schmidt of Schmidt Construction Company (personal communication, 
November 7, 1974) stated that very little blasting was done on that 
section of road. He also stated that he had not noticed any blasting in 
the area. The distance to this job is the same as the distance to the 
Cabin Creek project, which was still under construction at this time.
The Group I events may be due to construction activities at Cabin Creek. 
While the construction jobs showed good correlations, no blasting records 
are available to prove the events recorded were actually blasts (Robert 
Lowdermilk, personal communication, May 23, 1974; M.K. Eby Company, 
personal communication, May 1974; Schmidt, personal communication,
November 1974).
It is unfortunate that the construction companies have either 
destroyed their records (due to the seven year limitation) or no longer 
employ the people who worked on these particular projects. All the 
conclusions must be based on circumstantial evidence. However, these 
correlations appear to be much stronger than those previously published.
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Accuracy of Event Location
The location of events is separated into two categories. The 
first is azimuthal accuracy. With only one station, azimuths must be 
determined by comparing the amplitude and direction of first motions on 
each of the three components. This rather crude method yields direction 
(N or S, etc.) and by vectorially combining those directions, can be 
translated, into a bearing. As the bearing approaches one of the four base 
directions (N, S, E, or W) , the accuracy drops markedly due to one com­
ponent being extremely small with respect to the others. Since both Urad 
and Cabin Creek are within about 10° of being due West of GOL, it was 
expected that azimuths would be poor. The scatter in azimuths for events 
believed to be due west of GOL (Group II, 1967) is approximately - 30 
degrees.
The second category is radial accuracy. In the distance 
intervals studied (35 to 45 km) accuracies of -3 km can be obtained by 
careful examination of the events and velocity control in the form of 
special travel-time curves. The factors affecting the accuracy in radial 
distances are summarized in the following table:
T-1713 51
TABLE 7
Limitations of Accuracy in Radial Distance 




Identifying onset of phase
Traces thick due to low frequencies or not 
'present due to high frequencies
Differences between readers if more than one
Total of (-.02 to .10 seconds at 5. 5 km/sec) it. 11 to . 55 km
Travel-Time Curves 
Accuracy of measured map distances it.5 km
Scatter in picking s on Urad blasts jil.25 km
Velocity Variations
ji5% of distance between Urad and Cabin Creek .5 km
(10 km)
Total ji2.4 to 2.8 km
Worst Case ±3 km
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CONCLUSIONS
1. The resolution of any WWSSN Station can be improved by examining the 
records under a microscope. This improves the timing of events as 
well as the confidence in the readings. This technique provides the 
best results on very near events.
2. By utilizing nearby, small blasts, travel-time curves can be con­
structed which can increase accuracies in event locations even 
further than when using the microscope alone.
3. The epicenter locations obtained in this study correlated very well 
with the areas of construction activity.
4. The "Cabin Creek" events were blasts associated with construction
activities, primarily on Interstate 70 near Georgetown. The high b
values, the correlation in time with construction contracts and the 
lack of events at night all indicate a close relationship with man’s 
activities.
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CABIN CREEK SEISMIC EVENTS RECORDED
AT BERGEN PARK, COLORADO GOL-WWSS 
(Simon, 1971)
TIME (UTC)
DATE PHASE HR MIN SEC DATE PHASE HR MIN
1966 |
Jan. 13 ip 0 1 28 47.7 Aug. 19 iP 0 0 07
eS 51.7 eS
Jan. 14 iP 19 0 1 48.3 Aug. 19 iP 22 42
eS 52.3 eS
June 28 iP 18 04 59.5 Aug. 20 , eP 19 05
iS 05 03.3 eS
July 1 iPn 17 0 1 31.7 Nov. 17 IP 22 53
Sg 35.4 iS
July 6 ePn 23 25 49.5 Nov. 25 eP 2 0 29
eSn 53.0 eSg 30
July 31 eP 0 1 23 50.0
e(S) 54.0 | 1967
Jan. 17 eP 15 58
Aug. 1 eP 19 06 23.0 eS
eS 26.7
Jan. 17 eP 21 42
Aug. 4 eP 19 49 2 0 . 8 eS
eS 24.6
Jan. 19 eP 16 05
Aug. 6 eP 16 40 47.6 eS
eS 51.5
Jan. 26 iP 15 58
Aug. 10 iP 17 41 18.1 eS 59
eS 21.7
Jan. 30 eP 16 0 0
Aug. 12 iP 23 0 1 49.7 eS
iS 53.3
Feb. 1 eP 16 13
Aug. 17 iP 0 0 28 07.2 eS
iS 10.9
Feb. 2 eP 16 08
Aug. 17 eP 20 32 58.2 eS
eS 33 0 2 . 6
Feb. 2 eP' 2 1 46








































Feb. 3 eP 16 02 23.8 Mar. 17 eP 1.5 32 28.0
eS 27.5 eS 31.3
Feb. 6 iP 16 05 12.3 Mar. 17 iP 16 08 45.3
eS 15.5 eS 48.5
Feb. 8 eP 15 58 50.0 Mar. 23 eP 15 35 45.5
eS 53.5 eS 49.0
Feb. 9 iP 16 41 47.8 Mar. 23 eP 16 07 59.0
eS 51.3 eS 08 02.5
Feb. 10 eP 20 57 41.0 Mar. 24 eP 15 34 49.5
eS 44.0 eS 53.0
Feb. 14 eP 15 53 42.0 Mar. 27 eP 15 32 30.0
eS 45.5 eS 33.3
Feb. 16 eP 16 06 35.0 Mar. 29 eP 15 30 24.0
eS 38.5 eS 27.0
Feb. 16 eP 16 24 2 2 . 0 Mar. 30 eP 15 53 58.0
eS 25.5 eS 54 0 1 . 8
Feb. 22 eP 16 03 15.5 Mar. 31 iP 15 54 17.0
eS 54.8 eS 20.5
Feb. 23 eP 15 13 02.5 Apr. 6 iP 15 52 03.5
eS 05.5 eS 07.0
Feb. 27 iP 16 24 43.5 Apr. 7 iP 16 0 1 49.0
eS 47.0 eS 52.5
Mar. 1 eP 16 02 58.8 Apr. 8 eP 14 58 20.5
eS 02.5 eS 23.8
Mar. 6 eP 16 38 27.5 Apr. 10 eP 16 0 1 41.8
eS 31.3 eS 45.3
Mar. 9 eP 15 58 45.3 Apr. 11 iP 15 56 04.6








Hr  M in
(UTC)
SEC
Apr. 12 eP 16 22 37.0 May 22 iP 14 59 50.7
eS 40.5 eS 54.0
Apr. 17 eP 15 35 00.3 May 23 iP 15 05 27.5
eS 03.3 .
May 24 eS 15 05 31.0
Apr. 19 eP 16 04 03.0
eS 06.3 . May 25 eP 15 25 51.8
eS 55.3
Apr. 24 eP 15 30 03.5 •
eS 06.8 June 2 eP 15 12 19.0
eS 22.5
Apr. 27 ip 15 58 55.2
eS 58.5 June 8 eP 14 04 59.6
eS 03.2
Apr. 28 eP 16 0 1 57.1
eS 0 1 . 0 June 8 IP 18 14 45.0
eS 47.7
Apr. 29 eP 16 00 53.5
eS 57.0 June 13 iP 14 0 0 54.0
eS 57.8
May 4 ip 13 29 39.5
eS 43.0 June 16 eP 14 0 0 49.0
eS 52.2
May 9 eP 18 06 02.5
eS 06.0 June 16 iP 18 15 32.9
eS 36.2
May 10 iP 15 0 1 13.3
eS 16.5 June 19 eP 15 31 34.9
eS 38.5
May 13 eP 19 55 23.3
eS 26.0 June 21 iP 14 0 0 25.1
eS 28.5
May 16 iP 18 07 39.3
eS 42.7 June 26 eP 14 05 51.1
eS 54.8
May 16 iP 15 0 1 17.7
eS 2 1 . 0 June 30 eP 14 07 09:5
eS' 13.0
May 18 iP 15 03 32.3












July 21 iP 13 52 06.8 Apr. 8 eP 21 37 18.0
eS 22.5
Aug. 1 iP 14 0 0 49.5
May 21 eP 13 57 51.5
Aug. 17 eP 22 31 07.4 eS 55.4
Aug. 25 eP 21 15 17.7 June 7 eP 17 17 18.0
eS 2 2 . 8
Sept. 6 eP 2 0 06 2 1 . 0
eS 24.5 June 14 eP 23 45 52.0
eS 55.0
Sept. 16 eP 15 32 25.5
eS 28.0 Aug. 23 eP 18 41 09.9
eS 13.5
Nov. 17 eP 18 21 30.5
eS 34.0 Aug. 25 eP 1 1 51 24.0
eS 28.7
Dec. 3 eP 06 34 43.5
eS 47.5 Sept. 12 eP 00 31 36.4
Dec. 5 eP 12 27 56.3 Oct. 8 eP 19 19 40.2
eS 28 0 0 . 0 eS 45.2
Oct. 10 eP 19 23 2 0 . 8
1968 eS 26.0
Jan. 30 eP 19 38 08.5
eS 12.3 Nov. 6 eP 18 49 42.9
eS 47.0
Feb. 2 eP 2 0 57 59.9
Sg 58 03.8 Nov. 11 eP 19 22 39.2
eS 43.5
Feb. 13 e (S) 1 1 56 34.5
Nov. 27 eP 19 34 27.9
Feb. 17 eP 19 48 36.5 eS 33.2
eS 41.0
Feb. 20 eP 23 44 52.5 1969
eS 56.0 Jan. 30 eP 21 09 08.3
eS' 11.5
Apr. 2 eP 23 12 53.5







Feb. 19 eP 23 18 25.0
eS 29.6
Feb. 25 eP 15 54 46.0
eS 50.5
Lg 54.5
May 4 eP 14 28 25.0
eP 30 09.5
e(S) 31 24.0
eP 19 14 40.0
May 5 eP 04 13 24.0
eP 05 12 04.5
eP 05 13 25.0
eP 09 21 04.0
May 13 eP 19 06 53.5
eS 57.7
May 16 eP 17 1 0 19.5
eS 24.0
May 23 eP 2 1 33 06.8
eS 1 1 . 0
June 3 eP 18 42 1 2 . 0
eS 16.0
June 5 eP 19 28 1 2 . 6
eS 17.0
June 30 eP 20 28 35.5
eS 40.0
July 7 eP 0 0 43 15.0
eS 19.6
Aug. 9 eP 19 42 47.8






Aug. 15 eP 0 0 37 53.5
eS 56.0
Aug. 22 eP 22 28 15.5
eS 2 0 . 0
Aug. 26 eP 22 36 54.5
eS 58.5
Sept. 12 eP 23 0 2 41.0
eS 44.8
Sept. 15 eP 22 16 '8.5
eS 17 02.5
Sept. 16 eP 22 16 26.0
eS 29.5
Sept. 17 eP 15 45 08.5
eS 1 2 . 0
Sept. 17 eP 20 51 1 2 . 8
eS 16.0
Sept. 18 eP 23 10 39.0
iS 43.0
Sept. 24 eP 22 44 09.5
eS 14.5
Sept. 26 eP 22 28 25.5
eS 30.0
Sept. 29 eP 19 19 10.5
eS 14.5
Sept. 29 eP 19 38 22.5
eS 26.0




















Oct. 1 0 eP
eS
























20 34 0 2 . 0
06.5

















Jan. 26 eP 22 24 22.5
eS 26.5
Feb. 4 eP 23 16 10.5
eLg 14.5
Mar. 31 eP 13 39 13.0
eS 15.7
Apr. 10 ePn 23 13 30.5
eLg 34.4
Apr. 24 eP 18 56 41.1
eS 45.5
May 6 eP 23 44 28.5
eS 32.6
May 8 eP 0 0 19 1 1 . 1
eS 15.6
May 11 eP 23 19 2 1 . 0
eS 25.4
May 13 eP 22 11 59.2
eS 12 03.0
May 14 eP 20 28 30.2
eS 34.0
May 15 eP 23 13 45.5
eS 50.0
May 16 eP 2 1 39 23.5
eS 27.5
May 21 eP 23 22 21.5
eS 25.6



















PHASE HR MIN SEC DATE
TIME (UTC) 






















































































































































































TIME (UTC) TIME (UTC)
PHASE HR MIN SEC DATE PHASE HR MIN SEC •
eP 18 42 07.5 Aug. 9 eP 18 54 27.2
eS 1 2 . 0 eS 32.0
eP 18 35 2 1 . 0 Aug. 14 eP 18 33 26.0
eS 25.2 eS 31.2
Aug. 17 eP 23 20 05.0
eS 1 0 . 0
eP 17 15 26.5
eS 31.0 Aug. 19 eP 22 53 04.5
eS 09.5
eP 18 33 25.0
eL 31.0 Aug. 26 eP 14 29 40.1
eS 44.9
ePn 0 1 34 53.5
eSn 55.5 Aug. 31 eP 18 43 58.0
eS 44 02.5
eP 12 13 17.0
eLg 2 0 . 0 Oct. 3 ePn 03 43 52.2
eSn 56.0
ePn 0 0 34 48.0
e(SN) 51.0 Oct. 7 ePn 23 10 09.5
eSn 14.5
ePn 0 1 20 41.0
eSn 44.0 Nov. 24 eP 23 35 40.5
eLg 43.5
ePn 22 16 48.5
eSn 50.5
eP 22 34 31.5
eS 34.5
eP 22 34 10.5
eS 13.1
eP 20 34 16.3
eS 18.5
eP 19 24 40.2
eS 42.0






Compiled from approximately 450 events reread from the 
GOL logbook. These events were selected as "Possible Cabin 
Creek" events by limiting azimuth from WNW to WSW and lim-
iting radial distance to 26 to 33 km from GOL.
DATE
TIME (UTC) 






















0 2 . 6































DATE PHASE HR MIN SEC SCALE AZIMUTH MAX A
DIVISIONS
July 9 iP 23 0 0 47.2 46 WSW 22





23 0 0 19.5
24.5
44 ws?w 24


















2 2 . 1














































June 18 Lg 19 31 27.0 45 N?W? 22




June 28 iP 18 04 59.5 46 WN?N 14
S 05 03.3




July 15 P 22 23 15.2 46 WN?W 17
(dil)
S 19.0
Aug. 1 eP 19 25 46 WSW 17
Aug. 4 P 19 49 2 0 . 8 44 WSW 21
S 24.6
Aug. 6 P 16 40 47.6 45 WSW 14
S 51.5
Aug. 9 P 0 1 41 39.7 47 WSW 17
S 43.5 *
Aug. 10 iP 17 41 18.1 47 WSW 35
S 21.7
Aug. 11 iP 22 19 19.7 48 WSW 33
iS 25.7
Aug. 12 IP 23 0 1 49.7 47 SW 20
iS 53.3



















PHASE HR MIN SEC SCALE AZIMUTH MAX A
____________________DIVISIONS_____________________
iP 00 07 50.7 43 WSW 41
S 54.9
IP 22 42 15.6 46 WS?W 21
S 19.2
eP 22 48 29.7 46 WS?W 25
iS 35.6
iP 22 31 23.7 45 WSW 24
iS 29.8
eP 23 35 09.9 48 WSW 25
eS 15.3 (45)
eP 16 43 09.8 44 WSW 23
eS 13.5
eP 16 12 52.8 46 ?W 14
eS 56.5
eP 15 45 44.8 46 ?W 18
S 48.1
eP 16 18 44.8 41 S?W 47
iS 48.0
iP 15 10 46.0 41 SW 42
IS 49.5
iP 16 09 35.5 41 WSW 76
iS 39.0
iP 16 26 45.3 40 WSW 30
iS 48.5















































































































































































































15 0 1 17.7






















































14 0 0 49.0 
52.2
55.0














PHASE HR MIN SEC SCALE AZIMUTH MAX A 
___________________________  DIVISIONS___________________
iP 18 15 32.9 40 ?W 12
IS 36.2
iS 37.5
eP 15 31 34.9 44 ? 11
S 38.5
Lg 40.5
iP 14 00 25.1 44 SW 16
S 28.5
Lg 30.0
eP 14 05 51.1 45 ?W 10
S 54.8
Lg 57.0
eP 14 07 09.5 43 ?W 15
eS 13.0 (dil)
iLg 15.5
e 17 50 12.8 no distinct p
16.5
18.5
iP 22 38 17.9 too small, no distinct p
eS ‘ 22.7
eP 02 33 04.6 (dil?) too small
S 07.8
Lg 12.4
iP 14 00 49.5 42 WS?W 18
iS 53.0
iLg 54.4















PHASE HR fllN ,SEC SCALE AZIMUTH
____________________________ DIVISIONS____________
eP 20 57 59.9 45 WNW
eS 03.8
eS 06.2
eP 23 44' 52.5 44 SW
eS 56.0
eLg 58.0
eP 23 52 16.0 47 WN?W
eS 19.8 (dil)
eS 22.0
eP 01 00 43.5 48 W
eS 48.0 (dil)
eP 23 45 30.2 44 WSW
eS 34.0
eLg 36.0
eP 23 12 53.5 45 W?
e 57.0 (dil)
eP 18 40 14.5 49 W
eS 18.5
eP 18 26 50.6 44 W
eP 51.5 (dil)
eS 56.2
eP 20 35 15.8 49 W
eS 17.7
eP 13 57 51.5 47 WSW
eS 55.4
eLg 57.5
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